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PREFACE 

This paper was prepared for presentation at the Army Science 
Conference held on 20-22 June 1962 at the United States Military 
Acaijemy, West Point, New York, and for publication in the proceedings 
of the conference. ; 

The paper is based on work done for the Office, Chief of 
Engineers, and summarizes, in part, data published in Technical 
Report No. 3-506, "Handbook, A Technique for Preparing Desert Terrain 
Analogs," published at WES in May 1959. 
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One of the cost perptexing problens fecing tho nfiitery 
axalyst in attecgting to asiaas the effect of terrain cn ullitary 


° 


 aotivivies is the qualitativeness of classical terrain descrip- 


“ited to turrain exhibiting moro thea 10 ft of relief. eats 
= uveg exhibiting less than 20 ft of relief are Se z 


"+ ag c--rolete @ Landacape geometry defini tion as yestble ea 


ticn, perticularly the configuration or geosetry of the lani- 

scape. The lack of a ueeful and objectively ariented classifica. ; 
tion of landscape gecustry is felt in almost all silitary 2errain 
effects gtudies; e.g., estimting the izpect of varying terrain 

typys on alicfiold ccnstructica effort, correlating the results of, 
vehlole traficability, data "‘wrend videly separate’ areas, selext- 

ing sites for parachute-drop tests Wich reproduce coniitions 

fount in strategically or areaty dopa aa areas of the earth. 


A methcd of olasstfyiag. Fepasiape based on relief, 
slope, sloze ccenrrene, ant plan-profile is presented. The 
intersslaticn of thase paraneters in landacape Aufinition, trodie |. 
Pication in definition tre to scale difference, amt synthestd’ of 
- thease paraxters in a singia geniquuntitative landscape 
sation are Giccussed. Lendscepe gooretry qlaasi fication ta “Lies 
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This paper cutiines the method of classifying landsonpen or 
terrain geerstry developed at the U. 3. Arny Engincer Vatervays Ex~ 
perinent Station, Corps of Engineers (WZ3). The claucification wes 
Seveloped us part of a rore couprehensive aysten of terrain descrip-. 
ticn used to compare the terrain at the Research and Development Test” 
Btaticn at Yura, ariccna, with the terfain of various desert ared#*’ 
througheut the werld. Limited mrbers of wap-folio reports hav@ been 
prepared vhich utilize this classification in mapping the decer 6713” 
regions of Northwest Africa, Rortheast Africa, the Middle Fast, Boath 
Central Asia, Scuthvest United States, ant Mexico. Details of ‘the’. 
capping techniques, the complete terrefn classification, and the" 
nathods uged te prepare terrain mmalogs are contained in WES Technical 
Report Bo. 3-506, A Technigrse ter ing Desert Terrain fmaicg#, '~ 
Jtme 1959. ; : : i 
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Looted 2 gers haa he a Oe oye veal 62 cage y Moray 
= ‘In this peper terrain is considered to be the suz of the ~~ 
various physical attributes of the lend that deseribe an ares. A 
terrain factcr ts ‘on attribute of'terrain such as slope,’ religt, ete.” 
Fhe effoct of such a factor 6” ofa ceubination of factcrs om an inil~ 
¢idval military activity; ‘¢uch os cross-country movensnt, air-drop: 


potential, etc., is a terrain . & factor fantly ia a convenient 
grouping of terrain fectors. or WES 6 es five factor fanilies 


are acniidered: landscape gaouetry, Microrelief, surface composition 
end ccnsistency,’ hytrogrephy, snd vegetation. ’" A ma yr ult ide: ” 
specific class of values’ or 9 definable sivaiv)stennnt oe barr rain':” 
factor, For example, z¥lief 48,0 terrety tester end O:10 f8 of Fe: 
lief 18 a, capping wits. stay exretigl opens alge. Brie Ula Probie. 
x cf ll) igs ths rtibep pt factyte vellg sAtlt peavisiog & roi 
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ayes fu PEt ady whe. tABeRS Lom ieee. Acatios «ite mpein gure thed. 
Cour t hy Lage rand hae Laecesey, Gainer (yet are nye ti ganestel, 
Genarad, + Suserbiat an growing tespata aokag thet, wien eae 
ats a i EEE, Bre VHoM Ty wired wed aye coenty 44 8 eo eb or oT 
iactacepe gocastry 1a the coafiguraticn or goouetry of the 
ape without regerd to the v tion that grows om it or the 
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% a at et ab ae i emtes tentes Ge pombe goed or 
é y+ fas obvious adventeges of o quantitative egpresih, ata ite she 
e jectivity and the fuct that expping waite can be rigormualy dovined, 
atte A nore aubtle, but equally iegortent advantage ts that quantitative 
is . factors offer the possibility ef boing esaipalated rothomatically in 
hans if 4 guch a way that the effects of individual cormain fastoyo cathe is 
ay ; gexeert my be deternined. In moat instances such quantitative ate: 
qn: : fecta have evulved frou studies eicc’ at deternining terrain effecte - 
wa dy spoaial fields ouch as hydrology and agricultutese fo oO tesult, © 
age ‘ quantitatively oxpresaed Sactors useful In preaonting an agsrogate or 
dar’. entire ploturs of terrain have aot been explored to eny great oztent. 


Usually the provess of quantitative analysic reeulte in 2 maltiplicity 
Of quantitubLve seasurowenis to oxprese a otsple deserigtive cuslitas 


a i tive teem. Thus, the quantitative syeten gaina in proesision, tut : 
: ° feses in ninpligity. Quontiiative teswain deceription Esa atu lint 
a ; ¢iea and ahwuld not be espluged unless its contribution eutvoigns the 


complestiies £t Antrodwggss , heh awa) ihc av walla ewe Bes 
. : wight ete goto ahem Bore FT hes eft ab A ee tects 
d . Axvasor probles in dgvelepiag tho WES oysten ef Aamicoaya 
: clesstfleation waa te choose simple dccorlptive terzain gatiors which 
or could be neacu.sd end vaich desoxibe a given lendisenye co scomletaly 
; : na puselble, There are many coseurable propertios malating to cw 
3 ; fase govuctwy that ong bo ujdlined ty a quantitative ayctea cf dove ‘ 
: xoin vecoription. Im fast, $f ouch properties are c=playel by ono 
mee analyst in desaribleg fluvially evede’ arses alems. Gigs tho proalca 
d ie eta of AUnieieg the mezer ef factera vatle atils provadirg & eco. 
aumubly couplate plotwuns of tho tarrain. Caonidembls CLG tA 
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— tn Matting the’ murbor of terrain fosters vile meking qure that, 
. om, truly isportent im landscapo description were not disregarded, 
“SaBy, sed aldo ta calentice eal evompiiee tava Tastes Cast he es 
sidered im cemeert, are ceaicas eseneis end rosult ip @ ainiows of © 
sect sbedabea couplenity., 2 03 £a'ccehit ia Beals, ok oo! Neel oe 
<b gent os weil 4 use ot weg SEINE! Dee ip). 
ite eh oF considerable dGhartance in the selection of tesvain oe 
tes tors ie thelr "mappability" in poorly mapped or umrapyed areas of the 
“ world. Iy cther vords, the factors chozen Por napping muat be eo 
: chosen and so stratified that vallé assuaptiona can be made concerning 
UAae how they sre to be mapped in arene where data ars searce. Thus, a 
ae knowledge of the basic rock type of an urea often peraits feluly accu} 
ithe rate estbreates of the depth of Gigsastion, the density cf dsep diraine 
it. sgeways, and vhether the topogranhie bighs are flat-teypod or sarrate. ' 
ve The @enaral geologic strnuotuce often emeables on avalvation of paral« 
the? leliem of the topogmi hic forts ant of relief and slope aspects. A 
% knowledges of tho geoncrphic biutery and landform developent of an 
bila grea nay permit the analyst to craluste such terrain factora as areal 
oe axtent of the topographia highs which rise above a ane tr tha slopes 
which are sharasteristio of these csaaien a 6. CP henge 
ey eae ete, Bee oy eee ee sake as 
res gelaatten of mapping unite Sieechaay i 2 el Oia ee 8 ‘deat aes a) 
, ~ obivest fs : 
awd on ~ > Bieflarly, qatoraiy occurring getup tgs ov renaea ‘of ‘terrain 


’ fentors played an important role im gatabliahtag the various mapping 
ee wits. For oxample, detailed reports deoling with alluvial fans gone 
odie elude that the sicpe of a fan 16 olvoye lege than 17.5%, and in the 
vast mijority of cases, less than 10%. Studies of baschan dupes ine 
dieate that windrd slopes range fron 9 to 25%, Geos, and addfa, | 
tional data indicated that valid baundaries between slepsemapping 
mite could bo set at approximately 10 and 255. We cf such noturale 
istic broaks permitted maxiam uo of Jendformtorrain factor t¢6 or 
asecointions in mapping areas where 1ttie quantitative, os datelled 
antornathen iced aeeupres oe. oF es ‘ So dele 


9 — sites ‘Se t ion ‘er 
| Avatlability of ie woo ansther aoterainant in eotoblishing’ 
mapping “unite, Tho same unite cf breakdown had to be utiltced im map 
ping all the vorld desert arcus. Uniess this system was adhered to in 
tho entire papping program, tha mapping of one area would keve no re 
lation te that of another, oni mo sewparisone ccust be mada. It 


shoultt be caphartaed, however, that avatlability of dota was od pore 
alttc& to unduly restrict thy mmber of units with waich coach phe 
Pastor was mapped. Individual terrain factors yare eubdlvided Lesko, 
waies cufficiontly detalied on@ reatrictive to reasonably define a. 
@iven iasiseepe from buth a military ond gocerphic standycint,, Phere 
thesa wangaa orld uot be mayped fom availabla data, inferegse dr 
fodgent baned c2 sree DEBATE Ty erg vai negoelaticas was woljod © 
CBs . oder a he Sw ee ae At 82 thes Sore a? beret a 
Be iy hy tie Cat he ace oe rates oh ott ake tae 7 

Sa ey eee; lelovame goosteley Fostore ware chosen for cape 

ping os the basie of (a) thote isyeetance, individually, an basia 
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aleronts Of & giver laxdzcans, (bp) tholr capmatty, vedd wieteAtte eon 
ecxt,. 40 provides a reasonably compote picture of a gives tervain, and 
fa) their "zappo tity” in pooruy mapped asrens of the wor)2. ho see 
lection of mayping mits for each of thesa Janiscapa factors was based 
6m cue conalderations “as (a) vaturalistic breaks, and (b} adzpeabile 
éty of the wait te praciss tnd, wisreves possible, %o quantitative © 


paueinian te ON Ort) te tae oba SHA Lh sal yak 
ra oa) . aie aie ae “Ela 28 ‘ corsa 2: 8 7 AIT awl e ie alee a YAI 
oat oe ‘ Nor Ske aye 
eee, ; B a3 Pic a : 
are Attn ta F Sees ¢ i g tion’ SN dbo Sie lett eSieh oAe “. 
nace Se a3 ae > dotebi a Sok USROMPES CLOpAtr ot ‘ ~) TELE : 


Pout & sintacens os sopivh of lusdadepe’ ean Do saontities: ae : 
qarus of slope, relict, ema diacestica of slope spacing. Tua, doo 
eoribing ag ores as having gently sloping, modarately spaced hills 
visiug % cousidersble helants above the currounding plain gives a - 
veagonable plature ef the landseape. ithea a regtoa is desoribed as - 
having bile with slopes ranging batwocn 17.5 avd 35%, mpaced about’ 
1000 #3 apart, and rising to heights of 50%, a wore quantitative aad 
slearer picture of the landscape is previded. Therefore, assigning a 
reasonable murerferl range to these threo factorn amt cataloging varle 
ous coabinations of ranges of these three fecters aro logical steps in 
Janiscape dafinition. A lees tengible but equally inportant proparty 
Recessary to complete this definizion is the spatial distrituiica of 
thene three factora, called, in thia system of claapifiaation, the : 
planejrofile, To ilinetrate, ecnoider a gently sloping plain aise 
sacred by a munver of Geap, narrow draigagouays. This vould be rapped 
88 sh area of & given renga 6f Slopes, relief, and slope spacing, Cone 
sides ancther gently sicping plain.with.a series af morrov dikan or 
sidgss orcecing it. Talis vould be capped with axnotly the sure vanges 
af olopa, ralief, end slope rpasing, yet the disposition of features 
eoupeding the landscape in cach iuctamece would be different. A price 
file of the tvo lanéscupes world aypear‘'as “VV Vin the Pirad 
instance, andao A__/A__/A_ is the socond. Im addition, 18 is dee 
airable to know whether the ridges op Gratnagguays ase paraliel ov 
interseetirz, continuous cr aissrntimwuss im other wos, 4 pisn view 
af the area is neoded. Bie plan profile thus becomes a mocegaary part 
of landocapa definition. 
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408 Goviation fron the uariccatal. Tho ano ef doviation 25 come 

naly axpresecé af a rate ef vortlien] sige por horiventel interval, ao 

& parsantage, or im detreas, Slogas fm datavo are chavactemieed by an 
iefinite muber of such deviantioaa fren the horizestal, cad to rep 

thase chonges in slogo cone Standard of qounsralisation cust ta adapted. 
Gharsoteric.sa ol ., therefore, 46 Gefinad ta cores of 4 0% standard 
ef? gcuorahi cation. . Primarily, this stendand ts tha comtma tmtorved 
feud on svailatle ray soversce, eee oe. a Chee 

thee negates ‘na puso? Biewura EB, “tavelopa." Sosy i 
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Lo . cc Bop omadple, o aad with 0 cantor Aatervn’ OF 200 £8 gives’ a 
thes nave generalised tepopraphic pletu.re cf a regica than a map of 
the sane avea utilising @ 25-f% ecataw interval. The map with the 
emaller centeur interval wil? ipficata may sore slopes Vina Lie 2006 
£@ scuuterpars, and therefora, ths Characisris% toe oy most Croguently 
encaumiered tiepe would Gitfer. Tt follows th... up to « selat, the 
enallere the contow? interval the truer ths revulting pieture of the 
curfacd. (% 18 impractical, hevever, to consider slope breaks appare 
eut only on mapa vita ley Be, op Jefs cantour intervals. BPosldas the 
almoat dnaurneuntable problems inherent in mavping surfaces ty such 
minute detail, this detall often obocures slopes of major inportanze 
generated by larger ccntoar intervelg. Yor the systua described in 
this paper, it wes found cenvenient to arbitrarily eat the liniting 
scale of genorallention as that defining landscapes and associated 
slopes generated by a lO-ft contour tnterval. Irregularities eppare 
ons caly om capa with contowr intervals less than 10 M aro aunsidered 
aS microvelic? ond, aa auch, mapped eeparateiy as a Glotinstive factor 
fondly. tae the 8 - 
BE ay, EE EE NE gS UB Sa et age 
‘ Churacteristis slope to defined ae the narrev range 6? elepes 
thet predominates or is sost common within © region based on om canmie 
pation uf the surface genorated by a lft contour intervel. Tho utle 
Aéced otratbification of charaateristia slope is shown in fig. 1. The 
breaks or boundaries are primarily "naturalistie” in that thay help te 
devine certain commonly recurring desert surfaces. Unit 1A (0 to 1%) 
te typically associated with vory fint surfaces such a9 playas! tuni* 
3B (1 to 301/24) often identifies tho very gumtly tilted valleyvard 
peripheries of elluvial fans er eliuvial lave coma in desert roo 
gienoz; walt & (32/2 to 19$) brackets the slopan typleslly tozned by 
alluvial fons; wait 3 (16 to 258) raprosenta the norpal range of ¢ - 
eiopos forming the windward sides of sand domes and consequently forms 
the characteristic slope of root dims fielda; mit & (25 to 50%) chore 
asterizes many hill regions and the upper break approximates the linis 
of many ovbdued “angle of repose” dspasite ouch as talus. ‘iw 100% 
becah between unite § ani 6 is quite arbitrery; BRovever, the characters 
istic slopes of camtsinous regions rarehy apie tale value. 

sat yk tee BS ew bth eee ety “t 
Characteristics reltom wilted bay Rh att dyed as 
eer ers ’ Coane p OG pg Re oy ee aha pr. Pg Abbe: : 
; Relief’ exy be defined as the earimm aieerense in elevation 
por unit area. Although this aatinition fe adoqusts in avcas of 
fairly hich oharecteristie alope, 6% 1a fieadoquata ia regicns axhibit- 
ise low charasteristic siope ar poorly davelepad dvalnaga. If, for exe 
eels, wa define relief as the maximus difference in alevatian por 
oquare ile, the surface of en olhlivial fon with a slope of sypronie 
nately 10% aoulé exhibit “roliet” of ever 909 ft. In such once the 
Cents of incielen uf the Grafmagcvoyo ia the Important colic? conld- 
araticn rather than difference in olevatioa peor vault awo. Chnilerly, 
in cand. dues araan tha ingertent relief ceasidcsation, the hotent ot 
the tune ahove the iaterGxcea troaths, is wusally nfissc’ chon wolict io 
copracced ug olovatioy alffarcetiod per ofall unfit ona. Cocsaqently, 
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aY cortain important senaiderats: a9 exe to he proverly ecaee eT 
Siexible definition of salies $a nacdtdes .-n. Pau. ow ta Ce lg, 

A Gxa2 definition or classification of relief was, therefore, 
utidised in the WES syaten.” Chavesteristic relief ts considered to bo 
(a) the modal vertical distance fros interfluve erent to tha immedi, 
atoly adjaccat flow Lins Jo loweslope (less than 10%) areag, and (d) 
the maximum Giffersacs in elavation por square mile in hisaclope 
(wore than 10%) areas. Figs = OUD Sin iremens OF Sor ek: values veet 
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- Slope eooterenss provides & weacure oF Ctasectton or what |, 
night be texned “lemisespe corpartwantotden.” Fox example, cuneldgr 
& WoL atcred surfece of an alluvial fan. The characteristic slepa. 
of the fan approximates 1% and the sodal depth of the washes le 18 t%. 
Aa ie ugually the case, tho vesh-bank slopes are all steeyor than 504. 
In thio case the lendscapes conpurtcoutatioa covsiets of a series of . 
flatetopsed interfluves atparated by pairs of steap slopes dsecending 
dato marrey, shallow washes. another type o. compartwentatica da axe, 
hibited in a Meld of complexly overlapping barcthan dunes. Ths chare, 
acteristic wiepe of the field falls between 10 and 25% (tau windward 
alope of the dunes) and the noted relief? is less than 50 .t. Hera the 
Yendacapa is “compartmented" by the steep (greater Shun 502) slip-fae 
Blopes of the cdimea. In contiast to the vash-scored alluvial feu. sure 
foee, the asteeo slopes of the due field do not cacur in parse. Come 
aequentiy, im some cases 16 is deatrable to describe compartnentatson 
in tera of tha frequency of occurremae of "coupartaenting” elepes par 
watt of Longs, end in other ecagea ig terns of Ses ev nodal, dise 
tance betvorn such ee oe a te es aS 

Im the WES eysten, a dotpaithenting sans ty onstdeves i be 
emy alope atneper than 50%, Here ognin the Minit or bamdary was ode 
ablished on the basia of uaturalistice and militucry considerations. 

mm desert regions most streass oy wach banks and the murfacss of 
*enla ef repona” dopusita eaxened 50%. Thio slope thus Sivides the 
Senicanpe into enupartmeata almg such maturatiotic bruske ag stroag 
beanke, tervece escarpmonts, nountain alopea, dume alip facen, gia. 
Vurthercors, except vhon vet, elopea less then 50% ara af nin cote 
sequence trou the stendpoimh of may niltzavy aativitioge Figs Aste 
thoes the ecngea of occurrence valuca used in the sapplag eyotca. ejag 
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She thewe terrata Seurtoets dMeowoned oultor exe alogeato 
THASOZES OF RNeOLtic prepertica, hut oveu token fn sup they gall tw 
Nemneay o3 iapregaias of te Seecatyy of te awlace 2c a vbolo. Tt is 
peceible, using any given camsination of capping unite af thcce feco 
toro, to vigualfae a levgo muczor of quite Alfforent covettrie confige 
wraticus. Bocavay overall eerfigwavica Ls vi¢al to maay midi 
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Gativisies, 2% te necescary % provide = deseriptive fabric vaercin 
the magnitude of alopo, relief, and slope cceurrense con be Miedo on 
2 Bt NS OU QA AA age fh tape ey of: aha lo aN 
Pe Voom examikation, 246 was actorsiined chat ¢ minkeus ef tous 
tosrain factors was roguiscd to previde on adequate deseriptivea tabo 
wie. “hose four factors cousdes Who spatial Gistritution oni coufige 
wation in both plan ami profile of the tepegraphie bigas and np 
Ghe four fattors seleoted ard weasuves of: (a) the "powksdness” 
Ne topographic highss (b) the arenk seoupence of the Bighss (c) ths 
dagree of” elongation or planay shigo of the highe; and (4) the orien~ 
tation oz dagres of alignment exhlolica by the rage ee 
ra. roy get ‘sy we ch See eT La TRIP OSes teh abt Se ge “BAS aS 
“ £6 follows thet for doxplete quaivthftohtion C2 surfate gate, 
tisy the Gesoriptive aysten chould imelude four additional units, each 
, Indicating the distribution of ome of the terraia factors montionsa 
above. Hentaver, the mental integration of these four fnatord inte a’ - 
visualization of the landsoanes fa eo Giffleult that thay have bos: 
Goubined Lor the purpeses of thie mtudy into a eingle composite tere 
vain favtor called the plan-yrofile. Thie hea been dene by olassify> 
tug each of the four c.mpesite fantors in such a way that, combined in 
the wamer shown im fig. 2, they identify 24 basie variations of Bande 
seaye configurution. Each of these 24 types, plus one other anomalous 
ee PRs. type, has been assigned a sywook anil these types have doen mapped 00: = 
Ce agers salty. ea 
wees Sant : ‘ ge 7 RS At © ‘ods, ane wot 
vo Bhat » the planeprofile 18 & ¢capoatte terrain faster) a 
eanh sosporn’® factor making un the composite fa wuceeptible e? quate 
Sitasive treatrent. I¢ should de notes, however, thas tha final ceo 
Jection of the coapinents of the plan-preti lessaven theagh cask, can be 
Measure quantitati velye-Lé a broud cas$ vie, the highs are efther - 
serallal or they are not, thay wre poiked or they are not, ota. Bes 
cause of thie broad stratification .r alassification, tho choles of 
the planeprcfihe type can often be nade By afeple examtnation of att 
gwriul photegrayh ov a topogvaphic rap. %% i8 ealy im those fugtences 
vara one of the compunent Cagtors, woah ao Linearity, to Govbtfal 
that astial measurements must be wes. She potas is, that the doole 
Bion 23 Yo whether the highs are Iinuar oF net can De made, uberevoy 
novescary, by quantitatively aut obie ively teacurteg seaee > 
MOREE SENS ERY? es BOB ck de heat - be Vrs ae 
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; Tey dimensions of the iendasape teyusiea te te .7 mopreette 
ay. comment upon the woenttude of ralta? ah Stoo: wearrente. Fee 
Gkaypiv, eihuvivl Pena caored by stoop-aléed, ae ioy vathes ar ‘” 

vapped wilh the same planepr<efile as mtosenive, Eighestatiing, Aice 

Bertsd vinteous. This ie ceasidernt wast aply peradsaidle but desire 
alo, vecauss vith uarastricted dincnatoms, the plan-rrerile offers ¢ 
semvoutient framework within vhieb «1 kicvledga of the valuca of Slope, | 
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lasiesapes” “oA yin, Mataces datigal by Uete contour bar esrvad . 
eg tee TOE Be hed byt Wee ceptor fered ena, Be pnt 
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PAFOUEH OUR. , 
positien of the various rape, cevbimatiour of these fectors evolve, .. 
each roptesenting a dietincéiva lamdcenpo. Aa the mumber of possible 
ecubinaticas of the four fastcrg.is vathor appalling, it ws oc uside 
ered, inpracticnt, Guring carly otagza of the WES studies, to ty to 
develop « aoheme for delinesting individual landseapes. Multiplying 
the nuibor of waite of breabliewn within cach factor (25 x 6 x 7x 7) 
results ‘in ovar 7000 mathematically pesatble socbinations. Furtue 
nz’ siy, hovevar, nature hag been Zar more calective, end evperpoattion 

* we weps resulte in exly 18 landscape types occurring at Yom end 
osiy 78 in the entire Horth African Desert,;. yacisetads Bag tinntee ¢ 

oa, ST ap heb De eee tee S aby be. whe Shs, “Sat ee 
Zintg the camdining of the four basie goomstry or form factors 
hes resvlteg in a convenient method for cetaloging landscapes, . ihe 
method i2 believed tea be as aluples and straightforvard as possible, 
Any lindscuge can ba designated by a conbimation of four mmhor of 
muucelstter symbols, each representing a particular range of values 
ef plonepm file, slope eteurvence, elope, ani relief. Fas sasdination 
shom in the upper Atagram in fig. 3 (1t//ehelbe2), for axomple, ds 
tines a plain with a slope o2 1 to gJo1/2f, Gtaseeted by roughly parale 
Xek vashes sren 10 to 50 ft dewp spaced from 1000 to 5000 £4 apart. 
Tho lever @lagran also defines a laaiscape typecein this instance type 
5L//+24e6: 4 paralle) ridge ares with ridges from & to 10 niles 
apart, their heights ranging between 1000 and 400 t, ond thelr . . 4. 
sharacteriutic slcpes batween 23 ami 50% inl est. 


P Se ee ie Sok oP Ce re eC eee 
fhe figure alvo illustrates conditions under vaich a dual o¢ 
Convl.X dass Ticaticn ie sappede-the grogaetooponen’ cesplexeoulhiah a. 
ten.nt's revicticn »i11 yeveal as being necesaas:, Bacdy lendseape 18 
Ca 367 c' sraller leariseapes and is, in turm, part of a Larger or 
next urtey L.ndssape. “he lower diegram ia yoferred to 29 6 grease 
landscape. It ia deteurtined utilising a SS=nilewdlenster cacpling 
circl:, ant ig the lan lscape generated by a 10Oeft contour dntorval. | 
The upper diagram illustrates the restrictive landscans, a Rexdagane 
Aeterminsl by utilising # leullo-dimmater sucpling cisole with e@ Lect 
scntcur interval. Reliof legs than 10 fs falle into tho extemry ef . 
slorore?is” or eurface vougbness. Yhie 42 0 scnventext, if arbitrary, 
Gubdivic’ : of terrain envelopes which hag tarnsd out to be of grast 
Yalus in inv problem of lemiscape mppings Wherever a graccesemonent 
Telation cxists, ouch sa that chown in fig. 3 vhere the upper Jando 
ecape is u. smaller, restrictive, or gouponent pert of a larger or 
grees luxtocapea, cach is mayred with on appropriate syzbol and 
identiricd. moan Be Be nt ost 
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: Woe + ie “ Ve Se 3 ~ y ee 
Prelivinerg studies indiaato that valid on€ wortinalie invas ‘ 
Cares con by pode of tha lendeoopa goecotry of 4 partlenler aczie; 
fron wa,9 & ploying a 500-f). contosr Interval. Theso oeuiiicg isticte 
Chat veus. wbly wala rolatices exe bs established anos corfecea 
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Gafizod by such maps, surfasds dofimed by 100-6 contour interval’ ~ - 
cups, and thoss defined by W-ft eantouy interval raps. Detaled ° 
Studios ave needed to grep and ca mare geemetry factor valuce ef geo 
Lected Pozicne detsraimed or mapped at different contuur intervals and 
geslos. Relitions amg tha hlararchy of surface envelopes covld then 
be esmputed for ali ares magped, o2.8 hypotheses derived and tested to 
explain sign: ficant ~.r'ations in these relations-overy possibly 
dependant ulin lithology amd alimate. tt 2 ed 
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Altheugn the system of laniseape elassification dessribed ig 
this popar va3 developed for decert terrain, 1¢ bas been used vith ’ 
resacnably gv~d results in temperate and trcpical areas. Some changes 
in the mappin: units used for ench of the factors may be neceszary te 
reflect wom closely naturalfatia wreaks comntn to branid urcas. To 
date, the systan hae been wned principally in developing desert anaw 
iogs tf tha terrain at the Rescarch and Dovelorment Test Facility at 
Yura, The pur ,use cf this amnlog developmen’ is to asseas the suftee 
bllity uf Yusa «3 a Assert testing elite for men and vatertel., After 
the rathed hus Leen applied ts the workd deserta under eunsideration, 
it ruy be found that the Yuma Test Station lacks sertain ranges or 
vonbinuticns of terrainefectsor ranges found in other desert areas. 
Application of thu technique to the dssert of vestorn United tates 
should peralt un cvuluatiog of areas within the United Jtates thet nay 
be nore umlox: «to aggregates vorld desert conditions than the Sm, 
area, x which, whon considered, with Yura, will cover a wich mite rope 
regeniii@ rnga of desert terrain. Such areas aculd wall 04 utde 
Miicl .5 eulerentary testing sites. (It should be resexbered that 
anal: ; dive. wont end the study ef the effect of terrein on military 
acti tt1... In suneral .ust be based on ail the terrain Sactor feniifes, 
not Sole’ sy on the landscape gecnetry factors discussed in this paper. ) 
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Sie detertinatiog of terrain analogs fo only a preliniuary 
steo ir . the Luportant gual of predicting quantitative tomeste of 
tarr.in 2 individual militery activities. Thess ectivittes are oach 
Gtawesy. . vith differunt terrain Pastors and with varying degrees of 
xefing .n. of the mapping univo within each factor. Thus, efter tua 
varivu. tarrain factors have been mdified to mect the neads of a pare 
tieuli prvblua, teste can be confucted in areas characterised by dise 
tinctive cL.binations of the a. dued mapping wits. fhe iopertant : 
point is that the saze cyuten <° charactorising the teoting envirene 
ment be Lued ip al aress se tht tes%e in one area con be raleted 
gpeci Sinnldy to tests im oncthre. 66” “ 
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‘a Mf wWerple, a ceaprehensive test program comorecd vith 
develupin? methade x peedi-tiug soil wistere for traffieability pare 
bose: i5 presently being undertaken by the Army Mobility Rocearch Gens 
ter .f£ the WES. Sollenolaty, o<peodistion sites are scattercd thyontiie 
out the Uaited States om4 other parts ef tho world, Oxo of tho porame- 
tere a. voting scllsstemdy verfation vateh fo being eonaidsred fe 
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the lendseape type within vhtch cach site falle. Similarly, the seaad® 
gaape Ginsaification 18 boing considered fer selection of parachutes Q 
drop test aites and for estimating the impact of varyiag enters typed 


oa airfield construction offort. fide. => 
dn intery ting application presently (fiscal years nt “e 


wider vay ig the slecticn of courcea st the ims Teat Faaility for i 
testing the mobility of the Overland frain, a- logistical carga aarvler 
built for the Transportation Corps an& designed for aroasetonitry Boves 
nemt. It hes lW-ftediamster tires, a length of S67 ft, and conatets - 
of 37 -ft-long individual carriers capable of hualing 6 total of 186 |. 
tona, A mutber of test courses, epproximtely 200 Tt vida ant totale ... 
ing nore than 50 miles tu length, ‘gore aalncted for the feet rons. | ‘ 
These acurves cross terrain that 1é-areslly signifiéant tn doverts of ti 
Rorth Africa, the Middle Eest, und South Contral Adio, he test proec:; 
gran ia designe’ to atudy the affects of various types at terrain on hy 
the cross-country performance of the Overland Train.’ Parfdrmance dats |. 
to be collected elomz esch tervain typa will inglude braking, stecring,- : 
and riving onersys “effects of vartical and horizontal acceleration on, 
& cuwrgo car and @ supporting aisles fuel coneumptions and dust dente | 
tics dgvoloped. It is antielpated that grouping certain of the tat he 
vale vepping ite .vithin selected terrain factors will ba required td~/ 
‘cay for the perfornence date. Gumversaly, 1¢ nay be fod thet ..' 
por fcrmanae variations will dvcur in response té conditions withia a y 
singls mapping unit. For exadple, it may be found that a cortain we 
alvj« value which lies within one of the aatabliahed slope miyping =| 
units is critical in the performance of the Overland Train. Tn this the 
event, it may be necessary to subdivide the extating napping: waite in oe 
crder to adequately describe the effects of terrain cn performence, se) 
Ultirately, these data will be euployed to soastruct a terrain ‘effects~ Cy 
wep, in vhich ranges of effects cn the Overland Train will ‘be used as ~ cj 
napping units. ao 


Summary and Conclusions 


Yaniscape description to date has been almost exatixely syubjec- 
tive, or where it is quantitative, often designed vith a specifi¢. and 
fairly limited purpose in ming. The system outlined in thia paperjap~ 
proaches an objective framework oa vhich to khang terrain desePiption 
wherever and for whatever purpose 1+ is meoded: detorminin? the suite 
ability of desert testing sites, assessing aixfield ecastrustion, diffte 
culties, sollemoisture alte clasnificstion, Cvoriend Train zute e¢lece 
ticn, to menticn impertant allitary setivities to which the nothed is 
presently being applied. WAnrther, thie framework is in the fern of 
spesivic ond definable physical properties or dimomeions, wo alains 
are mde that thie lavdscape classification tg the ultirate in either 
sophintication .r utility. Studies now unter yay, far Ssatpley prose 
ise considerable improvement la quentitying tha 5 eicetflonttons ‘Bat 
the eystos as cutlined 1¢ 0 rousible aypronch and, it is will 
help to oring ecro ordar inte tha chaos of aubjeativity vith ich 
landscape en@ terrain doteripttos, iz gsacrdl, met deste’, 
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CHARACTERISTIC PLAN-PROFILE ; 

The character(stic plan-profile ie the most commonly found plan-profile within a region, It 
may be either groas or restrictive. A grose plan-profile is one that can be subdivided into two 
restrictive component plan-profilen each exhibiting relief of a lower order than the gross plan- 
profile. Random sampling with circles 35 miles in diameter is used in determining the gross ; 
profile, Random sampling with circles | mile in diameter is used to determine the restrictive \ 
plan-profile. Local reiief of less than 10 feet is not considered, 
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REPRESENTATIVE PLAN-PROFILES \ : : 


h of the followin block diagrams illustrates a landscape representative of a specific plan-profile type. It shoul 
SL ackatlacd that, withia the “tefinad limits of agch type, a wide variety of landscape configurations are possible. 
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FIGURE 2 


COMPONENT LANDSCAPE 


eS LS 


A PLAIN WITH A 1 TO 3.5% SLOPE OISSECTED BY ROUGHLY 
PARALLEL WASHES FROM 10 TO 80 FT CEEP, SPACED. 
FROM 1000 TO S000 ExT APART . = 


(2) 


(IL//} (4) -- (7b) 
RELIEF 


PLAN- OCCUR- SLOPE 
PROFILE RENCE 


(SL//) (2) y (4) 


PLAN- CCCUR- SLOPE: RELIEF 
PROFILE RENCE 


‘A PARALLEL RIOGE AREA WITH THE RIDGES FROM 2 TO 
7 MILES APART, THEIR HEIGHT RANGING BETWEEN 400 
AND 1000 FT, ANO THEIR CHARACTERISTIC SLOPE BE- 
TWEEN 25 AND 30% 


7 GROSS LANOSCAPE 
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FIGURE 3 
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